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1. INTRODUCTION:

Sympathetic postganglionic neurons (SPNs) located in sympathetic ganglia represent the final common
sympathetic motor output. Even though SCI produces a profound plasticity in sympathetic autonomic
function, the extent that SCl-induced dysautonomia is based on SPN changes within the thoracic
paravertebral sympathetic chain is unknown. Given their strategic site in autonomic signaling to body,
any plasticity is likely to be of high significance, yet there is a paucity of studies undoubtedly due to
their near anatomical inaccessibility. We have solved the accessibility problem with a strategic
methodological advance. We will determine the extent to which paravertebral SPNs are a nodal site for
vasomotor dysfunction after SCIL.

We will undertake physiological, pharmacological and optogenetic studies to examine network and
cellular plasticity induced by SCI to answer the following two questions: (a) Does SCI lead to plasticity
in synaptic interactions between preganglionics, SPNs and primary afferents? (b) Do SPNs become
hyperresponsive to synaptic inputs after SCI?

2. KEYWORDS:

spinal cord injury, sympathetic, autonomic, autonomic dysreflexia, spinal cord,
electrophysiology, plasticity, paravertebral, postganglionic



3. ACCOMPLISHMENTS:

The PI is reminded that the recipient organization is required to obtain prior written approval from the
awarding agency Grants Officer whenever there are significant changes in the project or its direction.

a. What were the major goals of the project?

1. List the major goals of the project as stated in the approved SOW. If the application listed
milestones/target dates for important activities or phases of the project identify these dates and

show actual completion dates or the percentage of completion.

Characterizing thoracic chain sympathetic postganglionics

% completion/ Completion

activation of neuron populations

Major Task 1a: Convergence and divergence months dates

Subtask 1: Segment specific properties 1-6 75%

Subtask 2: Pharmacology 7-12 75%

Subtask 3: Breeding/crossing transgenic mice and spinalizations 1-36 18months behind target
Subtask 3: Establish intracellular recording techniques 3-18 100%

Major Task 1b: Convergence and divergence months

Subtask 1: Incorporation of optogenetic approaches for selective 12-18 100%

selectively activate afferent and efferent fiber populations

Milestone(s) Achieved: Understanding of synaptic organization in uninjured mice and ability to use optogenetics to

Intracellular recordings and optogenetics

Major Task 2: Characterize mechanisms responsible for

% completion/ Completion

membrane properties; demonstration of membrane bistability

dysautonomia after spinal cord injury using intracellular | months dates
recordings and optogenetics

Subtask 1: Physiological plasticity in preganglionic-postganglionic

X . ) . 18-36 20%
interactions assessed using optogenetics 0
Subtask 2:  Physiological plasticity in afferent-postganglionic 18-36 0%
interactions assessed using optogenetics

Subtask 3: Physiological plasticity in preganglionic-afferent 18-36 0%
interactions assessed using optogenetics

Subtask 4: Intracellular recordings of synaptic and cellular plasticity in 18-36 25%

Milestone(s) Achieved: Demonstration of important contribution of thoracic sympathetic chain to SCI-induced
autonomic plasticity and forward insight into therapeutic interventions for future study

Data analysis and publications

% completion/ Completion

Major Task 3: Data analysis and publications months dates
Subtask 1: Data analysis 6-36 55%
Subtask 2: Manuscript writing and submission 24-36 40%

Milestone(s) Achieved: Dissemination of scientific results.




b. What was accomplished under these goals?

major activities; 2) specific objectives; 3) significant results or key outcomes, including major
findings, developments, or conclusions (both positive and negative)

Accomplishments under specific sections are described below followed by an overall annual summary that
synthesizes these accomplishments. Please refer to figures in the overall summary as needed.

1a.1: Segment specific properties

Methods/experiment: Mice are euthanized (.2mL 50% urethane) and thoracolumbar spinal column quickly
removed. The vertebral column is cut longitudinally, both dorsally and ventrally, and spinal roots are severed to
remove spinal cord. Remaining vertebral column and ribs are trimmed to include only the thoracic region*. The
tissue is pinned down in a Sylgaard recording chamber and suction electrodes are positioned to stimulate various
thoracic ventral roots and record from various thoracic ganglia.

Progress/results: In the annual progress report in 2016 we used extracellular recordings to show that there is a
convergence onto individual ganglia. For example, stimulating T4-T11 ventral roots results in activity in the T11
ganglion. The studies involved electrical stimulation of ventral roots and we proposed to repeat these trials using
a genetic approaches for optical stimulation of ventral roots. The advantage here is that recruitment is likely in
size principle order and that use of ChAT::CHR2 ensures that axonal recruitment from ventral roots is exclusively
recruiting preganglionic cholinergic neurons and not inadvertently activating primary afferents that we showed
previously and as has been reported also project visceral afferents through some ventral roots in thoracic
segments. We have just begun assessment using optogenetics including after spinal cord injury.

1a.2: Pharmacology

Methods/experiment: Dissected vertebral column described in the methods section above is pinned down in
recording chamber with stimulating suction electrodes on various ventral roots and a recording electrode on
thoracic ganglia. We have been testing for synaptic transmitter identity by applying glutamatergic, cholinergic,
nitrergic, purinergic and adrenergic ionotropic receptor antagonists to the recording chamber.

Progress/results:

Extracellular Recordings. We have found evidence for a contribution from glutamatergic, nitrergic and cholinergic
transmission in both ventral root and dorsal root evoked responses. Postganglionic transmission is thought to
occur via nicotinic

acetylcholine receptor
subunits. We have
conducted experiments
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with  nAChR antagonists
that act on different
receptor subunits and have

found reduction from
baseline synaptic
transmission. We have

increase sample size in the
previous year and we've
also broadened our
pharmacological approach
to include assessment of
neuromodulation by
sympathomimetics that
include octopamine as well
as B-phenylethylamine.
Intracellular  Recordings.
Experiments continue to
assess the effects of
various channel blockers
on intrinsic membrane
currents and  synaptic
events in intracellular
recordings from individual
neurons (Figure 1).
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Figure 1. tSPN spontaneous EPSPs are cholinergic and modulated by PEA. A. Overlaid traces
of captured EPSPs in one spontaneously active cell. B. Histogram of events showing that EPSP
amplitudes occupy a continuous range from 1 to 8mV. C-D. Spontaneous EPSPs are
cholinergic. They were blocked by 100uM hexamethonium (nAChR antagonist), and
enhanced by 10uM neostigmine (acetylcholinesterase). E. 30uM PEA dramatically increased
the amplitude and frequency of spontaneous EPSPs. Blue arrow: spontaneous EPSP. Red
arrow: spontaneous EPSP triggered spike.




1a.3: Breeding/crossing transgenic mice and spinalizations

Methods/experiment: Standard animal husbandry

Progress/results: We currently have a healthy colony of ChAT-IRES-Cre::ChR2 mice available for performing in
vitro optogenetic studies. We believe these mice will be more suitable than the BAC transgenics we previously
used due to the more precise nature of their transgene insertion. These mice are used for all studies, with the
exception of subtask 2.2. Subtask 2.2 will require the generation of Advillin::ChR2 mice to study afferent-
postganglionic interactions. We are in possession of the requisite mouse strains, but have refrained from
crossing them until other subtasks have neared completion.

As stated in the annual progress report in 2016, spinalizations are behind schedule. This has not changed. For
example, in our last series of spinalizations with n=5, only one survived the requisite three week period we
deemed necessary to examine plasticity at a time with known autonomic dysreflexia. Two animals were
sacrificed early after spinalization (in the first week) due to health concerns. Two mice died from ruptured
bladders due to manual expression even though individuals undertaking manual expression has significant
experience, it appears that the bladder itself becomes more easily ruptured with manual expression pressures
that previously were not sufficient to induce rupture. The difficulty of caring for injured mice compounded with
the relatively low success rate of our intracellular recording technique has slowed progress in this area.

1a.4: Establish intracellular recording techniques

Methods/experiment: Starting with the preparation to isolate the thoracic chain and after ribs and vertebrae are
trimmed (see 1a.1 methods, *) the entire tissue is incubated at 37°C in collagenase (and now dispase) for 1.5
hours. The tissue is then washed in physiological saline. Sympathetic chain is removed by severing rami and
transferred to a recording chamber. Chain is pinned down in Sylgard, connective tissue is removed by scraping
lightly with an insect pin, and recorded using standard patch clamp technique.

Progress/results: We now fully achieve acceptable recordings from most mice used in experiments, with
recordings that can last > 1hour. These longer recordings are required to characterize convergent synaptic input
properties and to study membrane current pharmacology. Progress overall has been steady, but still slower than
we had hoped.

1b.1: Incorporation of optogenetic approaches for selective activation of neuron populations
Methods/experiment: We have developed a laser-diode based stimulator which allows for optical activation of
preganglionic axons in ChAT::ChR2 mice. Light can be directed to illuminate ventral roots (primarily for
extracellular recordings), interganglionic nerve, or thoracic ganglia.

Progress/results: Evoked synaptic response fatigues due to repeated stimulation, and takes seconds to recover.
Details were described in the annual progress report for 2016. We have now begun to examine these evoked
responses after SCI in the data has yet to be fully analyzed. Please refer back to last year’s annual report for
detailed observations.

2.1: Physiological plasticity in preganglionic-postganglionic interactions assessed using optogenetics
Methods/experiment: Methods described in 1b.1 are repeated in spinal cord injured mice.

Progress/results: Progress has been slow in this area. Tissue from injured mice appears to be more difficult to
patch, i.e. high resistance seals are hard to achieve and recordings are “leaky.” In light of this observation, we
intend to stain the tissue for extracellular matrix components (collagen, chondroitin sulfate proteoglycans) to test
the hypothesis that the extracellular matrix becomes denser after SCI. As stated previously, we have hired a
new technician to help streamline the injury and recording process.

2.2: Physiological plasticity in afferent-postganglionic interactions assessed using optogenetics
Methods/experiment: & Progress/results: We have abandoned these experiments due to unanticipated difficulty
in success rates and other experiments as well as difficulty in maintaining our Advillin-Cre breeding population.

2.3: Physiological plasticity in preganglionic-afferent interactions assessed using optogenetics
Methods/experiment: &/ Progress/results: We have abandoned these experiments due to unanticipated difficulty
in success rates and other experiments as well as difficulty in maintaining our Advillin-Cre breeding population.

2.4: Intracellular recordings of synaptic and cellular plasticity in membrane properties; demonstration of
membrane bistability
Methods/experiment:
Progress/results: SCI may induce greater frequency of spontaneous synaptic events. However, we currently
have n=8, 3 of which are at early injury time, so this must be replicated before we can say this with confidence.

3.1: Data analysis
Methods/experiment: Data is analyzed in Clampfit, MATLAB, and/or Excel.




Progress/results: Basic cellular properties (input resistance, membrane capacitance, time constant, firing rate)
have been analyzed. Analysis of synaptic properties are in progress.

3.2: Manuscript writing and submission

Methods/experiment: N/A

Progress/results: Manuscript writing is in progress. The abstract and methods and results sections are essentially
complete. The results section is still in progress.

Further UPDATES.

(A) Characterization of cellular properties in adult mouse thoracic paravertebral ganglia.

By using whole-cell patch clamp recordings in intact thoracic ganglia, we have been able to record tSPNs in
intact ex vivo thoracic ganglia to characterize their cellular and synaptic properties. We now have a trong dataset
of 39 healthy cells is shown in Table 2 (mean values = SD). Resting membrane potential, input resistance and
membrane time constant (Tm) were substantially higher than those reported in previous studies in the adult
mouse (resting membrane potential is 10mV lower, input resistance is 9 times higher and tmis 13 times longer)
(Jobling and Gibbins, 1999). Rheobase varied greatly between cells, but values were still approximately 10
times lower than those reported previously (Jobling and Gibbins, 1999). Threshold voltage was typically 18 mV
higher than resting membrane potential,

and action potentials displayed after- [Table 2. Summary of basic membrane properties

hyperpolarization. All  neurons were | Property Mean + SD n

capable of repetitive firing, in contrast to | Membrane properties

previous reports of only phasic firing with Resting membrane potential, -58.8 | + | 7.2(39) 39

depolarizing current (Jobling and Gibbins, | MV :

1999). These differences are most likely Input Resistance, MQ 1072 | + | 553 (38) 38

due to the preservation of cell physiology Membrane time constant, ms 943 | + | 54.8 (38) 38
. . Capacitance, pF 89.2 | + | 26.8 (38) 38

with our whole-cell patch in contrast to the Threshold

disruption of cell properties by impalement ™Ay t6 voltage, mv 412+ [74(39) |39

injury using sharp electrodes in previous Relative t0 Vhod, MV 26.0 | + | 7.7 (39) 39

studies. In our whole-cell patch, maximal Rheobase, pA 275 £ | 16.0 (39) 39

firing rates observed in response to | Action Potential

depolarizing current steps ranged from 14- Amplitude, mV 55.0 | + | 15.7(39) 39

17  spikes/sec. During intracellular Peak, mV 138 | + [ 18.2(39) |39

depolarization, firing rate increased with Half-width, ms 46| £ 1 1.1(39) 39

increased current injection and cells Rise slope, mv/ms 473 | + | 242(39) |39

sustained tonic firing. Spike frequency |-Afterhyperpolarization

adaptation was also observed. All recorded Amplitude, mV 1511 £ |3.7(26) 26

. . . Half-decay, ms 80.8 | + | 34.9(26) 26

properties are fully con§|stent with those Duration, ms 230 | = | 71 (26) 26

reported recently with whole cell £} slope

recordings in the rat superior cervical Max., Hz/pA 0.126 | = | 0.033(39) | 39

ganglia (Springer et al., 2015). We also Sustained, Hz/pA 0.075 | + | 0.025(39) | 39

observed a notable Ix current in 8 out of 13

cells. Its activation generally required hyperpolarization beyond -100mV and In current was more pronounced
with greater hyperpolarization. With activation of | current, cells often displayed a post-inhibitory rebound spike,
which may be a major factor contributing to oscillatory activity discussed below. We are also able to gauge the
magnitude of A-type potassium currents (la). The current amplitude of Ia current amplitude following a
hyperpolarization voltage step is comparable to reported study is comparable, but of much longer duration when
compared to prior reports.

While a full manuscript for submission on these membrane properties was expected to be submitted by June,
additional observations and incorporation of additional modeling has extended the process and we now
anticipate a submission date of December 2017. The current version of the manuscript is attached

Comparing cellular properties after SCI.

Changes in connectivity following SCI may involve anatomical changes in tSPNs themselves. First, in the
sparsely-labeled TH::TdTomato healthy animal, we observed very few dendrites in adrenergic neurons in
caudal compared to rostral thoracic paravertebral ganglia (annual report 2016). This lack of dendrites in caudal




ganglia is an important factor in considerations of

Table 1. Mean area and diameter values (+SD) tSPN excitability, including lack of persistent inward
currents (PICs) and membrane bistability. In
SCI Naive P- Power motoneurons, membrane bistability is associated
(N=7) (N=5) Value with dendritic expression of PIC related voltage-
gated channels. Thus anatomical changes such as
Mean Area = 29845 374161 0.02 0.70 increased dendritic arborization of tSPN will be
consistent with the hypothesis that PICs emerge
Mean 20.9+1.3  23.5+1.8  0.015 0.75 post-SCI.
Diameter
Mean 194277 271+127  0.10 0.34 Preliminary recordings suggest that la
Numbers activation/inactivation dynamics may be lengthened

after SCI (Figure 2). These preliminary studies of
intrinsic cellular properties of unidentified tSPNs provide a demonstration of the power of whole patch recordings
for discovery of tSPN physiology. With specific | targeting of NPY-positive vasoconstrictor tSPNs, | will be able
to definitively determine intrinsic properties related to vasomotor function.

(B) Anatomical and synaptic plasticity after spinal cord injury.

Anatomical plasticity after spinal cord injury. A N :

We have now compared counts and diameters of
thoracic sympathetic postganglionic neurons from | ., =
the T5 segment. Samples were in naive controls | 20mv S0P
0.5s
A current notch

(n=5) and mice having undergone spinal | -

transection at thoracic level two (T2) three weeks Spmﬂ'mfﬂ injury

prior (n=7). Adrenergic neurons were identified in cell2 44my=

whole ganglion immunohistochemical reaction for [ 20mv \p‘c 13004
tyrosine hydroxylase (TH). Counts and size &

(area/diameter) of T5 neurons positive for TH Cell 3 |2w \

were undertaken using Neurolucida software | _I—I_ = /‘/M
(MicroBrightField). We conducted t-tests with a El o _—

significance level of 0=0.05. We observed that
after SCI mean area and diameter Of adrenergiC Figure 2. Weak firing but enhanced PICs at the acute stage after SCI (5 days post-SCI. A.

Examples of three different firing property responses to same 100pA injected current (red

icti trace). Cell 1 has similar firing frequency and amplitude compared to normal animals, but
neurons were StatIStlca”y decreased (Table 1 ) has a ~300ms long A current notch. Cell 2 only has a single spike, even with greater injected
We alSO com pared average Ce” numbers though current. Cell 3 doesn’t spike. B. Examples of persistent inward currents (PICs) before (B,)
. . o and 5 days after injury (Bz-Bs). By. tSPN PICs from a naive animal. B-Bs. Acutely after SCI (5
there was a numerlcal 28% red UCt|On N Ce” days), larger PIC emerges. B,. larger PIC in tSPN phasically spikes. Bs. In a neuron with

repetitive firing, there is an emergence of initial persistent outward current (POC) followed

numbers after SCI, the observed significant by a larger PIC. Red vertical line: amplitude of PIC; Green vertical line: amplitude of POC.
variability and low sample size did not provide
sufficient power to reliably determine statistical significance. Future plans are to increase our sample size as
well as extend observations to other ganglia.

Significant differences in cell area and diameter between SCI and naive T5 ganglia could be due to influence
of sex rather than treatment. However, when we compared the average area and diameter of male versus
females we saw no significant differences in mean areas or diameters. Within the constraints of our limited
population size, we conclude that sex is not a factor.

Synaptic properties of paravertebral neurons.

The previous annual report (2016) provided details of our recordings of spontaneous and optogenetically
evoked synaptic responses. This past year was associated with breeding issues that prevented us from
undertaking various optogenetic stimulation experiments. Nonetheless we have had good success with
increasing our success rate of whole cell recordings and this will enable a more complete assessment of
ongoing spontaneous synaptic activity in the naive preparation.

We have just begun to assemble data set of evoked responses in the spinal cord injured animals, but the data
is too recent to provide quantitative analyses and is simply shown in figure that we believe is representative of
observed differences (Figure 3).

We have also just begun to use an optogenetic approach to assess divergence of preganglionic axons arising
from spinal segments onto individual thoracic chain ganglia onto individual tSPNs (Fig X). These results are
also very recently obtained and preclude position of quantitative assessment at this stage.
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Figure 3. Comparison of firing properties in uninjured mice (A) and those having undergone T2 spinalization 5 days (B) or 3 weeks prior (C).
A. Note that there is a sever reduction in excitability 5 days post-SCI (B) and that membrane potential instability including expression of shifts
in membrane potential are notable 3 weeks post-SCI. Horizontal bar is 20 mV in all voltage recordings. Current step protocol is shown in upper
row in all three panels.

4) other achievements.

Difficulty in obtaining recordings from spinal cord injured tissue.

Weve had considerable difficulty in obtaining access to the cellular properties of these
neurons after spinal cord injury. One possibility is that the injury leads to the generation
of novel structural/cellular components that surround sympathetic ganglia. The working
hard at trying to modify experimental approach and have begun to obtain success in the
last month. This data has yet to be analyzed. Having said that recording quality has still
been suboptimal and we have just ordered dispase as an additional protease to apply in
conjunction with collagenase in an attempt to make the neuronal tissue more accessible.

We have found this to make an enormous difference and now have recordings from several
neurons after spinal cord injury.

c. What opportunities for training and professional development has the project provided?
o One individual was sent to a specialty meeting on spinal cord function in Marseille

France to present his work and two individuals are being sent to the Annual Society for
Neuroscience Meeting in San Diego this November.



o Three undergraduate students have worked on this project. Two of them I have worked
on this model system in the last year, with one student undertaking a senior research
project with poster present (attached).

d. Describe briefly what you plan to do during the next reporting period to accomplish the goals
and objectives.

o We have received a no-cost extension, we plan to stay consistent with the major tasks
outlined in the charts except for Major Task 2, subtasks 2 and 3.

o Regarding electrophysiology, emphasis will be on assessment of physiological plasticity

o Regarding anatomical assessment, we will continue towards the changed emphasis on more
overtly describing the previously implicit neuroanatomical assessment of injury-induced
plasticity using immunolabeling approaches.

o During this no-cost extension, a significant amount of time will be devoted to data analysis
and manuscript writing.

4. IMPACT:

S.

6.

o What was the impact on the development of the principal discipline(s) of the
project?
*  Nothing to Report
o What was the impact on other disciplines?
» Led to a CRCNS application with a computational neuroscientist.
» Ledto a ROI application with a computational neuroscientist
o What was the impact on technology transfer?
»  Nothing to Report
o What was the impact on society beyond science and technology?
»  Nothing to Report.

CHANGES/PROBLEMS:

Please see above. We have a no-cost extension to try and complete some of the major goals of the
grant.

PRODUCTS:

Nothing to Report

Publications, conference papers, and presentations
Other publications, conference papers, and presentations. Identify any other
publications, conference papers and/or presentations not reported above. Specify the status
of the publication as noted above. List presentations made during the last year
(international, national, local societies, military meetings, etc.). Use an asterisk (*) if
presentation produced a manuscript.

1. M. L. MCKINNON, S. HOCHMAN. Patch clamp recordings of cellular and
synaptic properties in adult mouse thoracic paravertebral ganglia. Soc. Neurosci.
Abst. 42 (2016).

2. Halder, M.C., M.; MacDowell, C.; McKinnon, M.; Sawchuk,M.; Hochman,S.
(2016). Anatomy of mouse thoracic sympathetic chain ganglia and
electrophysiological assessment of their multisegmental preganglionic input. Paper
presented at: Society for Neuroscience.

3. Choi MHH (2015) Anatomical survey of paravertebral sympathetic chain in adult
mice. In: Department of Neuroscience and Behavioral Biology: Emory.

10



7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

8.

What individuals have worked on the project?

»  Mallika Halder — 25% effort — research specialist

»  Michal McKinnon — 90% effort — graduate student

»  Michael Sawchuk, - 50% effort - lab manager

»  Yaqing Li — 33% effort - postdoctoral fellow

»  Lucy Galvin — 10% effort - Senior undergraduate research project

e. Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since
the last reporting period?

= P.I NIH ROI. Recruitment principles and injury-induced plasticity in thoracic
paravertebral sympathetic postganglionic neurons. 6/2017-6/2022, $1,250,000
direct.

» PI Craig H Neilsen Foundation. Continuous sensor-based home-cage recordings
for SCI research. 10/16-10/19, $600,000 total.

» Co-PL [Garraway PI] Craig H Neilsen Foundation. Compromised Ao-LTMRs
function contributes to allodynia after SCI 8/16-8/18, 300,000 total.

f.  What other organizations were involved as partners?

*  Nothing to Report

SPECIAL REPORTING REQUIREMENTS
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9. APPENDICES:

g. paper in preparation

Wichagi MeKinnon, Kun Tian, Yaging Li Astrid Prinz Shawn Hechman

Abstract (250 words)
2 i chai outgat
system. Tharati neurons i
vasculature and contr ion of blood pressure. Despi i tSPNS playin
S i 2 ganglia is poorly understaod,
we obtail cell recordings L s of t5PHs. We found
that hasi than
in prior i t recordings. This implies that synaptic
integration has a greater i i 3
primary we an
eells fire repetitively gom of an injected current pul ior reports of
predaminantly phasic firing. Thus, tSPNs can maintain much bigher firing msu....muummm,
which opens the door for play Our
dysautonomias such as autonamic dysrefiexia
Signlﬁnnnl statement (120 words)
neurons afthe
wmnimﬂmvlmsﬁlmyﬂsulpnsmslylllm s knounof tei lunmm lmnw.-.,md-su-

first
challnge the commontyhed tio tht paravetebrlgangha c s oere signsl eems, and r
evidence of synaptic integration and neuromodulation.

chain spherical newran,
Then he.theobiase corent i reled 10 thess parometers by DA s Ty with o boin
dotermined by cell surface area (A and specific membrane resistivity (Ru. In somatic motoneurons
Gustafsson and Finter [1984) found that motor neuron exciabilty {rheobase and voltage threshoid]
varied predominantly by varlation in speeific memibeane reslstivity {Gustafsson & Pinter, 198%a;
Hochman 8 McCres, 199451,

v i reons (S rpresent e il o syrpahet ottt
Thoracic. SPNs (t5PHa| located in parsverte soma receive comvesgens input.from

af vascular
woper extremities Grven their strategic nadal it in autonomicsignaling 10 ody, any plasicity i 5PN
is likely to be of high significance. Yet t5#Ms are. i n vivo study,

are inferred from studies in corvical (Campanucci et al, 2010; Rimmer & Hom, 2010; M. G. Springer et

1, 2015) and lumbar chein gangla (Bration et oL, 2010; Percy & Krier, 1987). To date, orly 3 in vitra
studies have revesled 1SPN eiectrophysiological praperties (Blackman & Purves, 19695; P. Jobling & | L
Gibbin, 1996; Lichtman et al, 1980), and there are still no sccurate recordings of theie celllar
integrative properties or underlying recruitment principles.

We undertook THe FIRST PRTSEGLOSICAL STUDIES ON CAUDAL THORACIC CHAIN GANGL IN THE A3ULT MOUSE by
Gaveloping sn & wivo intsct and rostrocaudal

connections (M. 3. H. Haldes, 5., 2015; M. 5. Halder, M., and Hochman, 5. , 2014). We aiso obtained the
FIRST WHOLE CEL RECORDINGS OF 1SPN synaptie and celulas properties (MeKinnon, 2015). These deta ore o
tial prercuiite 10 ek Sucies, e lservel syrapic Skmgrive ard g propetes wrs
Homduraeay Hren han rviousycserved i s oo ke ingwcmerd i P
Josling & 1. L Gibbins, 1690; gt o . 2015, Dt st oy gt 57N 2 ety
v comesrad 1o s chorscrond ehewners

A 5PN s recruited depalarizing
saiking. Do thoracic chain pastganglionics vory in rheabase cusrent? If o this differential excitabiliy
of 2 pre-syeptic organiaation that utifzes a recrutment strategy assacisted with

. in mlin«'nmmmmu recordings, we have observed a rang of thecbase and
¢ rocnitment, Moreswer

e hare s 3 g rongn of el by dametes Figs 47, vasometer contrl oy fllos a Sl e
prindiple of recruitment. Indeer, sympsthetic in human lumbar ganglia appear to have a
range of conduction velocities and follow 5 size principle of recruitment [Steinback et al, 2010),
supporting a relationship between recruitment order and aonal conduction velociy in the thorac
chain as well. () Cellulr properties, As a guide we wil use snsiogy to the known varistion in cellulsr
synaptic and conduction velocity properties in motor neurons consistent with & size. principal
‘erganization (Cope & Pinter, 1995; Gustafsson & Pinter, 1984a, 1984<). We will plot rheobase against
inpat resistance and membrane time constant to sée if & similar relstion exists for 1SPNS. The resulting

long duration 1.5 it
pike. In the case

if the adja
supsarhrashold if 300 did not eficit any spikes but 400 eficted several, the rheobsse
estimate would be 35pA.
charaterstics e taken I singe spkes lcited trheoba cutrent. Adion potential heeshold

(threshlt voltage) point at which ot
. 2010), Action patential smpitude was defined
between th?lﬁakwﬂamamﬁ(hrﬁhﬁﬂkr’ half-width is the width of the spike at half AP amplitude.
the difference.
injection.
weltage 1o decay to half amplitute on AHP duratian is the time between spike onset and return ta
baseline (Hachman & McCrea, 19945,

i rate (FF) h interval rate
was the IFR for the first spike par at of nset. Sustained mean
1R for sl subsequent spikes. Pulse durstion was at least 1.5 seconds for sl cels, and 3 seconds for the
maiority.

Uquid junction potentisl was calculated to be -0.8mV and empirically measured to be -13my. Al values

d te “10mV.

Computational Modeling

<ot
2c. i
4A. Rheobase
omv (LIP)
o

Introduction (650 wcrds)
Neurars that camari ghtto it
Preganglionic neurons sginal the
sympatheti and.with e exceptions, synapse onto
- i intum
The majari b while a few are cholinergic

The paravertebeal sympathetic chain {slsa known 3 the sympathetic trunk) comprises a group of
interconnected sympathetic gangia situated in the ventral side of the vertetiral cohumn. Whereas
prevertebeal sympathetic ganglia are typically associsted with one o more visceral organs in a discrete

mesenteric gang|
a as vasculat t plands, iscles.
s such, hain can be thousht of i ity that
st span the body.
i ympathetic chain comprise the prir
and egulation. The electrical properties of sympathetic

enrons hw been sudied nthe supeio carvicl angon ond . lessr exont the stelste o
Jumbar gangis, but to date only three studies have revealed electrophysiological properties of thoracic
ganghia (Blackman & Purves, 1968a; P, Jobling & |. L. Gibbins, 1983; Lluwnln. Purvu& Yip.

1580). 2 such, there itle ke about
to obuain the
properties of (5PN, cellular supports .
2 F the sympsthatic chain, We were guided by
one estion: what is ruitment of greganglionic axons? Two
i ionis tes, and active tes of

postganglonic neurons.

5 fesphis) function in
sad midde extremities of the tunk. Th includes vascular supply 1o integurmentary,
cardiorespiratory and digestive systems. Wheress. prevertebeal Sympathetic gangia are typically

associated with ane ar mw.zml argans in a disrete location, chain gurUla can be thought of as a
ity that must span the body

ke more rostral sl and caudal bt chan gl (oraton, s, i, & wcben, 201
Campanucc, Krlslll\aswam & Conper Rimmer & Homn, 2010; M. G. Springer,
P H. Kull & 1P, Harn, 1L L. Gibbis & Morris,

2012; Wang, Holst, & Powley, 1995]), only 3 in wiro studies have revealed 15PN e\z(lmnhysnhgu-al
properties (Blackman & Purves, 19633; P, Jabiing & . L. Gibbins, 1999; lichtman et al, 1980), All used
shorp microelectrode recordings with impalement ijury, 3o there are stll o relisble recordings of the
cellular integrative progerties underlying 1SPN recruitiment. Yel thoracic chain ganglia prominently
corc varomator sctons o eguats ez suee i uppst and i s ncdig brorch
Hungs, heart, csophagus, integumentary system and same viscera [Janig, 2006). Why are

s on St 0 ey Important nhe et of cndlovasclor o Th srmwes sl

gt il be wied to creste means and ditruions of cellir properties that Wi iferm the
PN jescribed ively.

above, respet
Methods

Immunohistochemistry

Two ChAT-£GER mice ificed by perfusion and P10 respectively.

They and injec

urethane,
through the ventricular catherer with
saline and iatives, The ssves were foed n 4% parormaldehyde vernightand ansfered 1.0 15%

C The 1956 13) were i 15% sucrose
for cryopreservation.
The salated tissue ted on a fr chuck using TissueTek"
temperature comgound. The chuck for: and placed.
at ~-21°C. The thickness of the secti Eishecbrand microscape
o 3 To aveid s

we obtained.

i e phesp ine (P5) for an hour and
containing 0.3% Triton %-100 (0. the secti i 21
days with the primary antlbodies [Tsble 2| The preparations were then washed in 0.3% PBS-T {3X, 30
minutes), i ara'c s for 1.5 hours |

[Tkl 3], The slides were left to dry after a final wash in PEST (20 minutes) and S0mM TrisHC (26 20
minuites). They were then coverslipes with SiawFade® Gold antifade reagent with diamiding 2-
phenylindole (DAPI)

iy BISL. Merolucids, ing software
[ (Figure 58). basest on
whether they were pasitive for ChAT and/or TH and whether their nucled were prasent, as confitmed by
DAPI staining to avaid redindant counting of the same cell body in different sections. Newrolugida
Explorer was used to obtain the maximum and minimum figet values for each tracing, The cell diameter
was calculated by sveraging the twe values.

Solutions.
al made at i a bath af King's artificial
cerebrospinal fluid (ACSF] containing (in mi) NaC] [127.991, KC1[1.90], MgS04 *7H20 [1.30], CaCl2
2HID [2.40], KH2PO4 [1.20], 26.04]. ACSE 2.4 after
(95%02, 5%002) at Intracelludar patch cl

{in mM} potassium ghuconate [140.0], EGTA [11.0], HEPES [10], and CaCl2 [1.32] and was pH adjusted to
2 inslr\l KOH. Target osmalarity was less than 290mOsm. In most mtuldll‘SﬂW:?llSLWDDﬂl

of ATP [40] 1101, iuid
8mV and emprically measured ta be -13m.

a i ofa (black, 35pa)
vdu.:(l-z. ceflvias 35pA. C: Examl = spi
injection onthe
<O, voktage at which the

significantly, [3) peak voltage: maximal voltage value, (4) AHP trough voltage: kocal minimum following
pesk [5) AHP plitude: g, amd 6 sy st oo
valtage to which fres spiki I is the value at (2).
Relative voltage threshold is Vs ;. AP avershoot is the value ma; o smplitude isVyz AP M
the widih of the. @2)and(3).

11 AP it Ve AHP hllcecay . AP duration e

Results

Passive membrane properties
Whole cell thoracic
tharacic gangia with the majority of recardings coming from T5. The numbser of cells from gangiia T3
heough T12 wes 4,7,18,3,2,1,1,0,1, and 2, respectively. N
gangfa s the dats were pocled for popalation analysi. This does notrule out the possibiity of subtle
iability, but we cannot say le size. in all, we
ecarded ram 38 colls whose resting membrane potentialswere more negativ than 45, and ts
llukar i Table 1. Resting membranc:

‘potential (AMP) was -5927m and ranged from -46 1o -50mW (7. 28). Ingut resistance (T} was

237 10 2297M0 (1) wes S4255ms sndl
ranped from 12,310 234ms. i, nd T e, 0n average, an order of magnitude higher than values
vecoe sing ot ecrdings s Pl g &t L i, 198) g i
[Blackman & Py with g, (=069,
n=38,£<.00001)[Fig. 2b), but net cell :lpmr-ﬂ[ﬂ‘:md: nat shawn). This indicates that

but not cell for ty

‘embedded and hidden within adherent fat attached adjacent 1o the ventral vertebral
column and physically inaccessible for in wio study. This void is glaring given that they may b the final
arbiters of vasomotor contral

PNs are v viewed as & homogeneaus population driven by individual
Tollo e 142 e (Ko . o, 2000, Wcochian, 2009 Comotatonsl mode e mm.e-mm
For ook, st i bulfs eosthec enea ke & Hon, 2000 Wik, Koo, & or
iation of newrans with similar synaptic
and firing properties. This imali re ganglion can be understood by modaling a single:
ganglion cell. As outlined o etal, 2010; M. G.
Soringer 2015). Riscordings from SPs show marked Neterogensy in membrans propertes
(McKinnon, 2015; M. . Springer et al, 2015/{Fig 3), cell body diameters vary several foid (Fig 9],
neurcns may or may not contain dendites (fig 8), synaptic input strengths occupy & large range
(Blackrnan & Purves, 1969)IFig 6} and recruitment may follow the size priniple (Cope &
Steinback, Salmangour, Breskovi, Dulic, & Shoemaker, 2010)

it comprehersve undestanding of readtrent princiies i thaacc sarentebel sympathetic
chain ganglia, DFirst computational madel, T promises to deepen understandi an

pecific Insight m prabing the mmup...mm
space for putative weors s o emergent dysfuncian, mmmlm navelty in both experimental

A major function of sympathetic paravertebral chain ganglia neurons is to maintain vasomotor tone.
While the functionsl aroperties of cervical and humbasacrsl parsvertebral ganghs neurons have been
(haramm?d. little is known about the functional properties of newrons within thor paravertebral

. We d s that allaws for whole-cell patch clamp recordings in intact tharacic
Eanglotchasacterin cllulon e sy pro

Threshold veitage was typically 10 mV higher than resting membrane potential, sction potentials
displayed after-hyperpolarization and some cells displayed post-inhibitory rebound. Al neurons were
of epeiv fng. Maxil g raws cbvared n reones t depoaricih it s

ranged fram 1417 spikes/sex. During intracellular depolariz: ing rate increases wi
rent injcton and cels sustan tone fring. Sove Teduency amxm e s bt A
corded properties. are fully it with those reported recenty with whale cell m(u&ﬁlgs in rat
superior cenvical ganglia (M. G. Springer et al., 2015). Stikingly, our recorded properties differ
bt ~ Trom'shars elecirare vecardings obiained from sduk monse (5PNs (7. oblng 8 1. L
Gibbi Our recorded membrane resistance is 4.5 fold higher and g s 7.5 fokd langer than
ey vanNm! and Gibbins (1998), anl our neurons only fired tonically while theirs only fired
phasically to depolarizing current pulses. Note that all of these differences are consistent with greater
el damage caused by sharp slectrode penatration compsred to patch clamp recordings. We therefore

are closer to

Recruitment is determined by the minimum current required to evoke a single action potentisl
(iheabasel. T timited understanding on the principles underlying recruitment of sympathetic
postganglionic neurons. Regarding rheobase current the two mast important measures influencing
theobase are voltage threshald end total cell membrane resistance [slzo called input resistance). If

Dissection
Experi i pproved by the
Emory University IACLC Guide for the Car i

i i solution). Camplete
sedation firmed by lack of oot pinch and i on the back wes remaved. Two
Iateral from the through the ribs and up to the neck. An incision
was madde threugh the lumbar spinl column and gently lifted upward, Viscer were carefully cut away

column, ibs, et il eond,

cervieal spinal cord frees the tissue from the mouse.

issue s washed briefly in oxygenated ACSF ta

, and placed in a di ith ACSE. The preparation is pinned down dorsal
side up, Fat, muscle, and connective tissue adhesent to the vertebral calumn are removed, and a
longitudinal incision i made thraugh the midline of the dorsal vertebral column, The preparation is then

careful ineision is made just medial to the sympathetic chain to remeve fat, connective tissue, and the
descending sorts. This should expose the weotral surface of the spinal columa, Now 3 second
longitudinal cut is made on the contralateral side of the vertebeal cohemn, leaving the centrurm for

stability. The twvo halves of the parated, outand
spinal roats. Once the spinal the rias.

ond the humibar sectian is cut offJus belowe the thirteenth . The entie prep i placed in a 1.5mL

centrifuge tubs e

Warthington type Il per 1mL ACSF] for 1.5 hours. Following incubation, tissue is vertexed and washed
with ACSF several times. The sympathetic chain is remeved by severing rami, and is then pinned down
through which Jati iated ACSF is gerfused.

Whole cell patch clamp recordings

Whole-cell cell. Cells
upright microscope (Olymgus, BXSTW) offined with a kow ight camera [Glympus, OLY-150). iy
(Harihige, PP-3} romm 1 amete flamenter,
Instruments, stock B s

OMOhens. Signals were armpified using & MultiClarmg 7004 and digitized at 10 KHz using a Digidat
13224 andl Clampex software [Axorn Instruments).

Data analysis

Al cellular anshyaedin i Devices) or "
current clamp mode, response to steps of at least 1.5
seconds was it 10 an exponential of the form [1] using the Leyenberg-Marquarde slgorithm bl in to
Clarmpfit. The tau term af the it was used {Golawasch et
oL, 2008). B, [ o (8], by the injected 1

. was estimated by diviing T by By [3].

(1] 8.2 expl-t/ta) + €, (2] BomBNilew, (3] Cn =t/ B

el
ime constant fms)

s0 ‘a0 7
resting membrane posental ()

s S & Histogram
B Input

Diaganal
trepelfing indicates linear least-squares it Filled black circle represents population mean. Red filed
icle, population mean fram obling/Gibbins,

Property Wiean =50
Wiemrane properiies
Resting membeane potentisl, m¥ 588 = 7.2(39)
Input Resistance, ME 1072 =+ 553 (38)
Membrane Uime constant, ) 943 2 548 (38)
Capacitance, oF £32 = 263038
Threshold

voltoge, my 412 s 71039
Relativ (0 ¥aegs MY W/ 2 7703
Rheobase, pA. 75 & 16009
Action Potential
Amglitude, mv 550 2 15.7(39)
Peak, my 133 = 182039)
Half-width, my a5 & 11(39)
Rise slope, m/ims. 473 2 242039
Afterhyperpolarization
Amplitude, mV 51+ 370
Half-decay, ms wE x40 (26)
Duration, ms 0+ 708
Fislope
Max, 12/ph 0126 1+ om33{I)
Sustained, Hz/gd 0075 = 0025 (39]
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Firing properties
Repetitive firing
to propeties from & holding potential of
“TOm. Al celfs (n=39) it in respanse to sustai

. il 54 showes an g In response to depolarizing
current steps. ing the same. ey o
sbtained by plotting i ik injected Fig. 58 and
€ showy the s (respectively) i1 for 8l cells, Maial i

v i o excesd 28 W, i sastaine ing rate i ot eaceed 17 o the ighest steps given

Wik Pl curves devwn. Slape for both
e i sustained 1 curves v calculsted s & messure of excitabilty. Mean vahues for max and
sustained Table 1. similas max F- curve (Fig. 50). (Meed

o vede Fig, 50, use |
it By =24, 38,002 Fi, S, sustanss .19, 135, b 006, - slpe s s
nogatively carrelated with rheobase {max: f=.24, n-=39, p=.002, Fig. SF; sustained: R=.27, n=39,
P<.001). Mo such relationship exits for time constant {max: fi=.04; sustained = 05) or capaditance
(mas: R=.01; sustained BE=.07). AHP hall-decay was significantly correlated with sustained F- siape
(R 2084, 126, p=.02] bust nak max F-l siope (R'=,00, 0=26, =96},

Spike rate adaptation
Al cell displayed spike rate adaptation (SRA, or 8 decrease i firing rate over time (Fig. BA). This
feature was reproduced by the computational model (Fig. 5C,0). The difference between the initial firing
rate nd the sustained firing rate bex is g 6)
The ratio o the mean firing rate can be used SRA. Recall
that the sAHP has been attributed to [§Ca and IM. Incidentally, both of these currents have also been
implicated in A (Powers et.al. 1999, Benda and Tzhak 2014, Mies . &1 2005, Storm 1990). i oeder
to exarmine and SR, alf-decay versus the SRA

o ek fiing rote ot the highest current injection)
o 28 cells We fourd thet there s a statisticallysignificent relationship (=27, =28, <005},
suggesting (Fig. 651,

Subthreshold conductance
Anomalaus rectification

nject wher,
present, a voltage detected when colls The effect
L sag could
ally less negati i g, 7A] We found o vltage sogn 19.f 32
i ing potential of FOmy. been
previously reparted ather let sl
) thas been ifier, or H-current (L) L

medel and was found i 7B). When cells held ot -
S0, coser o rin irwshoi, ook often e rebownd fine upon rebess rom

o). [ 1996), but we found
. v is s channed de-
. i -
[Fig. 7D). This i oo fir b e s,
e 0 1SPNS. o lear. 1t appears th ion requires.
prelanged : inhibitory synaps i
{Melachlan 2007]. e po
) i ondthe presence of sag

A-type potassium current
in b of
alter the trajectory.

Weher cells are 2 ial of 70,

of e detected as a pasitive deviati o
eaponential taj However, when cell ized homa

90m, trajectory has i
bath activation of a volr d . Thi

=
o 39 ol Th abserve rcuce ope in memrane b .3 delay mﬂ\=ﬁnmmnpukmwl\ inatrain
7. 70) T

Actype potassi ized vl
1995). To testthis, we held 8 model newron st rwod\fferm hotdlm potentisls and found that the
gein current (g, 7F).

Also cite Connor and Stevens 1971
1A studled i rot ST (Bhia) e, ol 1985, Balugzl and Sagchi 1969)

W-curent in bullfrog (Brawn and Adsms 1980)

nactivati primarily Na deinact.

a

potental v}
5 5 9
potental (v}
3 o

potensial mb)
5 8

Active membrane properties

Rheabase

The current required to degolarize a cellfrom its 0

W celsby -25] puses In

varlable RMP, canstant cusrent was injected to hald cells at a standard holding potential of
wiar to step

a single spike was taken as the rheobe Z the

o the masimum subthreshald
Sheobase curren varied in magnitude from 5 ta 70p with mean value of 27.5 A (Tsble 1) The
an

and guinea piy . 1569 Phillin

Iobiing & lan L Gabirs, 1999) input conductance,

i (Fig. 38, A1=.37, =38, P<.0001) and the inverse of time constant, 1. (R%=.23, n-38, P<.003) and

, 138, P64, Despite bes

steady, ntvinsic varabilty in mermbrone woltage mode this ificut t achievein peactice. Weloted

sctunl holding uoltage against theabase

Rheabisse wes ot correlsted with merbane potentia [Fig 38, =04, 1=38, P=23). Valtage theeshald

wias assessed ar nan-
ane would expect - pleﬂm\he

1988} Indead, the two vahy i
Wi 41,735,0001)aod pprosimatl saush, nicsting th sbsenceof recing currets o
threshold voltage.

Post-spike afterhyperpolarization

e half-ecay snd ey heas fap
was limiter

30 analysis o,
calls which fired a singie solke at rheobase \mww (5261, (348 halfdecay ransed from 28,6 10 152ms
(80,8234 9ms} and u.nmmm fmm ms (230171ms). Nale(vaasvewweH eorrelated

unel
further sn»ﬁlsmmm.mspmm. Mhll[mymtmwledtumltmmw
oroperies s heobese 7, 1. kol decer wet o corseed B (R9=.10, n=26, P=12] or C.
P06, 0-16, Po 2 bt kgl corbted with (.21, 0-25, =0, Fi. A sl ogetioly
correlated wi P01, Fig. m: Previaus studies have reported an inverse
([Beovnstone, fordan, Kricllaars,
Hoga, & Shelchyk, 1692 Stautfer, McDonsgh, Humbr lkmhug!smurl 2007]). To determine if this

ingrate at
uice heobase crent inection. \n(zlinm\thﬁdnn(mce(wmpalm almlczmmmse(n-n firing
dor 38,n1-26, <0001,
Fig. 4C)
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Flgure 4 Afterhyperpoloriratian, A:
AHP half-decay was cortelated with 1o
(Ri=21). B: AHP hall-decay was
nepatively correlated vith theobase
(Fé=.27). C: AP hall-decay was
negstively correlated with firing rate
at twice rheobase [R*=.48)
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Figure 6 Saike
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e Scale baris 1 second. quency dime for the
same cell st (fram battom to top] 50, 70, 58, 110, 130 g current injection C: Trace from a model
ol shows spike rate adagtation for S0pA current injection. Scale bar s 1. D Instantaneaus.
frequency wersis time for the model cellin €. Injected currents were 50, 60, 70, 60, 0pA. E: F-|
curve far ma [top) and sustained (bottam) for the same cell. Dashed lines indicate finear
regression. F: SRA ratio is positively correlated with AHP haif-decay (*=.27, n=28), Black fine s the

finear fit.
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‘The difference between the initisl spike gek voltage and the mean spike peukmnagz was plotted for
alcells 35 a function ofcaleulated change in membrane voltage [injected current 1B (Fg, 58] These

differences did tobe properties (B, Ta, Ce, RMP, but o
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Figure 8: Cell type classification. A: Example traces fram a type 1 (left, black) and type 2 [rthh blue)
cell. Scale bar 200ms. i wlﬂmalﬁm‘w the
initial spike geak versus the mean of o
injected eurrent and input resistance for all tzlkln— 0} Type 1 cells with a wmhe(nw i spike
‘pesk are shown in solid black fine; Type 2 cell with a negative change in spike peak are shown in
dotted blus line; Tywe 3 cells which convert from type 1t type 2 dynamics 3 Infected current is
increased ave shern in dashed red line. C: Maximal ise skope for ol three cefl types. Type 2 cslls
type Land 3 (P=001; o
Pk vble forthe il sike ot thecbise crent necton. Type 2 els hav sgnficand hightr
peak values than type 1 but not type 3 [P=.001; P=.08 respectively).

Table 2. Comparison of bask properties of neuron sublypes

Type 1 Type2 Tyt
Membrane propertics
AP, v 5872 78(22) 575+ 62013) 6302 681)  Fuw=57
P03
B, MO 1070603 [22) 1006 £ 525(12) 1285 £ 381 (8] Faw=037
P-0.68
nm 1000+597122) 850553 (12) 9085 165(4) Fom=0.29
P0.75
o F es1:2m0(22)  837:237(12) TAD:154(4) Fwel6
P03
Theeshold
Absalute, v 42271022} 380 27.7(13) 43224200 Fuwelo
P-0,36
Relstive, miv 267+ 8022} /557103 26:910)  Fuag=031
P0.74
Rheobase, pA W1+17302 262133013 17252 15508 Fuwtd
P0.33
etion potential
Amplitude, my 481514802 63+ 106003 5262 6604)  Fuwe8s
Pe.001
pesk.my 60:180°(22 283104013 942931 Faw-90
001
Hell-width, 15 511322 38 L0713 442054 Fawds
Pe,001
Rise slope, mV/ms 39 WPRY EET £2EN) 402681 Fawelll
Pe.0001
e
Amplitude, miv 443532 (15) 168 £ 4509) 4333200 FawelS
P0.24
Hall-decay, ms 812305 650536309 658266302 Fameld
0,29
Durstion, % 252 £ 51415 205 £ 76 19) W1:10002)  Faneld
P-0.18
5D with number parentheses, AMF, potential
newrons. was similarly in cat (Yoshi et. al. 1986, Ingkuhi et. al

1993) and neanatl rat (Spanswick and Logan 1990), termed SAH in both studses.
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Characterization of cell number and size in T5 paravertebral ganglia following T2 spinal
cord transection: Implications for autonomic dysreflexia.

Galvin ML, Sokoloff AJ, Sawchuk M, Hochman S. Emory University, Department of Physiology

METHODS AND ANA RESU

Area: The difference in the mean values of the average area for 5Cl versus
naive is greater than would be expected by chance; there is a

statistically significant difference between the treatment groups’ average
cell area (P = 0.0208). At an alpha level of 0.05 we can deduce that this
difference in means is statistically significant. However, the power of the

D ON

Autonomic Dysreflexia (AD) is a potentially life-threatening condition that results
from spinal cord injury [SC1) abave the T5-6 spinal level. The condition is marked by
excessive hypertension due to over-activity of the Autonomic Nervous System. AD is

lered a medical requiring i diate attention because persistent
elevated hypertension can lead to stroke or death.

METHODS

*Mouse model: male and female

— — — *Spinal tra 1 at thoracic level two (T2) performed test (0.696) is below the desired power of 0.800. Less than
AD is initiated by a noxious stimulus arising below 7 5C1 mice; 5 naive control desired power indicates you are less likely to detect a difference when one
the injury level (typically bladder distention, * Twenty-one day survival actually exists.
impacted bowel, or bedsores). In a healthy * Harvest of T5 ganglion )
individual physiological circuitry is tuned to * Whole ganglion immunchistochemical Diameter : The difference in the mean values of the diameter for SCl versus
respond to pain or discomfort accordingly. reaction for tyrosine hydroxylase (TH) naive is greater than would be expected by chance; there is a statistically

However, in SC| patients, ascending sensory
signals are blocked at the site of the injury and
prevent perception of noxious signaling.
Additionally, disruption of descending contral of
the sympathetic nervous system due to SC|
prevents a normal physiological response to
decrease hypertension. In this situation noxious
afferents have complete control over activation of
spinal sympathetic neurons resulting in a large and

+ Count and size (area/diameter) of TS significant difference between the treatment groups (P = 0.0149). Atan
neurons positive for TH in Neurolucida alpha level of 0.05 we can deduce that this difference in means is statistically
software significant. However, the power of the performed test (0.753) is below the
desired power of 0.800. Less than desired power indicates you are less likely
to detect a difference when one actually exists.

We hypothesized that the statistically sij ant differences in cell area and
Power diameter between SCI and naive TS ganglia could be due to influence of sex
rather than treatment. However, when we compared the average area and

istent i i i ) Figure 1: Ascending and Descendingsgnats are MenAma A" STASHC QANB 06 BT 07863 03l 0l& . R y !
persistent increase in blood pressure (Figure 1) ok th el of e spin cond iy diameter of male versus females we saw no significant differences in mean
mm«wmm e St D s e - - 078Es 64608 - - areas or diameters. Within the constraints of our limited population size, we

Mean 20851 23510° O00M9 0753 22606 21053 0201 0n6 conclude that sex is not a factor.

Paravertebral Sympathetic Ganglia fms
Se0.Dev. 1382 1813 - - 1623 2m - -
How exactly does distention or pain cause hypertension? Animal experiments DISCUSSION

suggest that SCl leads to sprouting of the pain afferents that project to the
ky). It is

sympathetic preganglionic neurons in the spinal cord (Figure 2A, Rab
thought that this amplified sensory input contributes significantly to
‘exaggerated sympathetic response associated with hypertension.
However it is also possible that the sympathetic post-ganglionic neurons that lie in
thoracic chain ganglia and innervate vasculature may also contribute to amplified
hypertensive response in AD. This possibility remains uninvestigated.

Figure 2: Pain Afferent Sprauting Figure 3: Thoracic Chain Ganglia

We hypothesize that, in response to the exaggerated sympathetic

response associated with the amplified sensory input may cause
lionic neurons to undergo compensatary response ta reduce their

excitability (e.g. pruning of preganglionic synaptic inputs, reduced dendritic
arborizations and reduction of cell size).

Further studies would have to cantrol for compounding factors such as
sex, left or right ganglia. In addition, we would have to collect more data from
more ganglia in order to increase statistical power.

e

adrenergic
postganglionic neurons.
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